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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for generating a 
three-dimensional model of the face of a person, which easily and 
quickly generates the three-dimensional model representing the 
face of the person three-dimensionally and being superior in reality 
by computer graphics or the like and excellently copes with the 'jfofofv 
change of the expression. 

SOLUTION: A plurality of standard models are preliminarily 
constructed, and a standard model approximating the person as a 
subject is selected from these standard models, and this standard 
model is taken as the base to construct a face surface layer model. 
a head skeleton model, and a dentition model, and they are 
integrated to generate the three-dimensional model of the face. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Two or more sorts of standard models which consist of models are built beforehand, a standard frame 
model, a standard face surface model, and a criterion — a row of teeth — The three-dimension coordinate value of 
the focus on the face of a photographic subject is computed using two or more face images rotated towards left and 
right laterals from the transverse plane of the face of a photographic subject. While amending said standard face 
surface model based on this three-dimension coordinate value and building the face surface model of a photographic 
subject The three-dimension coordinate value of the focus on the frame of a photographic subject is computed 
using the frame image of the transverse plane of a photographic subject, and a side face. Based on this three- 
dimension coordinate value, amend said standard frame model, and the head frame model of a photographic subject 
is built. A model is built further — the mold of the row of teeth of a photographic subject — using — the three- 
dimension coordinate value of a row of teeth — computing — this three-dimension coordinate value — being based 

— said criterion — a row of teeth — a model — amending — the row of teeth of a photographic subject — the 
face surface model of these photographic subjects, a head frame model, and a row of teeth — the creation 
approach of the three-dimension model of the face characterized by creating the three-dimension model of the face 
of a photographic subject by unifying a model. 

[Claim 2] when said standard frame model and a standard face surface model average two or more individuals' 
frame, and the focus of face surface data, a three-dimension coordinate value is computed and built — having — 
said standard row of teeth — the creation approach of the three-dimension model of the face according to claim 1 
characterized by building a model by averaging the width of face of a row of teeth, height, and depth from the frame 
of two or more individuals' head, respectively. 

[Claim 3] The creation approach of the three-dimension model of the face according to claim 1 or 2 characterized 
by building two or more kinds of said standard models beforehand according to age, sex, a race, etc. 
[Claim 4] Two or more sorts of standard models which consist of models are built beforehand, a standard frame 
model, a standard face surface model, and a criterion — a row of teeth — The three-dimension coordinate value of 
the focus on the face of a photographic subject is computed using two or more face images rotated towards left and 
right laterals from the transverse plane of the face of a photographic subject While amending said standard face 
surface model based on this three-dimension coordinate value and building the face surface model of a photographic 
subject The three-dimension coordinate value of the focus on the frame of a photographic subject is computed 
using the frame image of the transverse plane of a photographic subject, and a side face. Based on this three- 
dimension coordinate value, amend said standard frame model, and the head frame model of a photographic subject 
is built A model is built further — the mold of the row of teeth of a photographic subject — using — the three- 
dimension coordinate value of a row of teeth — computing — this three-dimension coordinate value — being based 

— said criterion — a row of teeth — a model — amending — the row of teeth of a photographic subject — the 
face surface model of these photographic subjects, a head frame model, and a row of teeth, after creating the 
three-dimension model of the face of a photographic subject by unifying a model While a mimic-muscles model is 
arranged so that the face surface model and head frame model of said photographic subject may be connected, and 
setting up the elastic modulus of mimic muscles, the elastic modulus of the skin is set up. The deformation approach 
of the three-dimension model of the face characterized by computing migration of the focus group of the face 
surface model accompanying telescopic motion of mimic muscles, transforming a face surface, and changing the 
expression of the three-dimension model of the face of a photographic subject 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the creation approach of the three-dimension model of the face 
which displays a person's face in three dimension by a computer graphic etc. Moreover, this invention relates to the 
approach of transforming the three-dimension model of this created face. 
[0002] 

[Problem(s) to be Solved by the Invention] While modeling of a fine physical phenomenon is attained with 
improvement in the engine performance of a computer in recent years, the technique of a computer graphic 
develops greatly because the simulation with a high precision became possible, and in the entertainment fields, such 
as a virtual reality and a movie, the image by the three-dimension model has come to be used briskly. On the other 
hand, in the medical field, although it became acquirable [ highly precise body configuration data ] by development of 
three-dimension measuring machine machines, such as CT and MRI. the technique of computer graphics is applied 
as a means to display these three-dimensions configuration information effectively. 

[0003] After preparing the face model used as the base of a three dimension and transforming that model further 
conventionally as a generation technique of a real three-dimension model in which this computer graphic was used, 
the method of performing expression composition by sticking a texture has been performed. As the technique of 
expression composition using such a face model, the thing using the geometric deformation rule defined beforehand, 
the thing which expresses the skin and muscles as a spring and performs physical modeling are typical. What 
generates expression by transforming the face form-like model of a three dimension by the expression description 
rule according to FACS (Facial Action Coding System) in the approach using a geometric deformation rule among 
these is proposed. With FACS, a motion of the face accompanying expression change is caught from a mental 
viewpoint by the expression notation developed by psychologists, and it classifies into the basic actuation called 44 
AU here. Since this technique is suitable for the use in the personification agent in the application and the 
man/machine interface with which real time nature, such as intellectual coding and realistic sensations 
communication, is demanded etc. since the expression which was rich in versatility by comparatively small 
computational complexity is compoundable and processing speed is high-speed, but on the other hand there are few 
classifications of operation as 44 pieces, the description of the face which each man has is absorbed and there is a 
trouble of being inferior to real nature. Moreover, since the structure of an anatomical face is not necessarily taken 
into consideration, there is a trouble that the physiological mechanism of expression generate times, such as 
movement of expression, is unreproducible. 

[0004] On the other hand, by physical technique, the modeling of the muscles and the skin of the face is carried out 
with a physical spring, and the model is transformed according to the force concerning top-most vertices, although 
the expression of an actual face be the technique of having note be generate by telescopic motion of the muscles 
( mimic muscles) which run to the bottom of the face skin, this can express a motion of expression directly and the 
generation process of expression could be expressed smoothly, acjjustment of a parameter be delicate and difficult, 
it be difficult for computational complexity to become huge and to generate for a short time, and the cost-burden 
also had the trouble of be large. 

[0005] And since the creation approach of the three-dimension model of the face of these former was not taking 
most frame configurations into consideration, it had the trouble that it was inferior in real nature. 
[0006] So. recently, the anatomical model which also took the frame configuration into consideration using the data 
obtained from CT. MRI, etc. is built, and generating the three-dimension model of a face based on this is performed. 
However, although the three-dimension model of the face of the patient who is a photographic subject in a short 
time needed to be built in applications, such as medical application, by this approach, construction of the three- 
dimension model of a face takes long duration upwards, cost also started sharply, and there was a trouble that 
versatility was missing. Since the model which serves as a foundation to the configuration of a photographic subject 
face being of infinite variety is fixed, the amendment runs into difficulties and this has a cause in time and a cost- 
burden being large. Although CT etc. was used for obtaining the three-dimension data of a patient's head on the 
other hand, when CT was used, there was also a trouble that the amount of contamination of a patient's radiation 
increased. Furthermore, a satisfying real thing was not necessarily obtained and the creation approach of the three- 
dimension model of this face could be still more enough for generation of expression change. 

[0007] This invention is made in view of this technical problem, and it is possible to create simply and quickly the 
three-dimension model of the face excellent in the real nature which displays a person's face in three dimension by 
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a computer graphic etc., apd it aims at offering the creation approach of the three-dimension model of a face 
excellent in the correspondence to change of expression. Moreover, this invention aims at offering the approach of 
transforming the three-dimension model of the real face which wore in this way and was created. 
[0008] 

[Means for Solving the Problem] The creation approach of the three-dimension model of the face of this invention 
according to claim 1 Two or more sorts of standard models which consist of models are built beforehand, a standard 
frame model, a standard face surface model, and a criterion — a row of teeth — The three-dimension coordinate 
value of the focus on the face of a photographic subject is computed using two or more face images rotated 
towards left and right laterals from the transverse plane of the face of a photographic subject. While amending said 
standard face surface model based on this three-dimension coordinate value and building the face surface model of 
a photographic subject The three-dimension coordinate value of the focus on the frame of a photographic subject is 
computed using the frame image of the transverse plane of a photographic subject, and a side face. Based on this 
three-dimension coordinate value, amend said standard frame model, and the head frame model of a photographic 
subject is built. A model is built further — the mold of the row of teeth of a photographic subject — using — the 
three-dimension coordinate value of a row of teeth — computing — this three-dimension coordinate value — being 
based — said criterion — a row of teeth — a model — amending — the row of teeth of a photographic subject — 
the face surface model of these photographic subjects, a head frame model, and a row of teeth — it is the approach 
of creating the three-dimension model of the face of a photographic subject by unifying a model. 
[0009] the standard model near the person who becomes a photographic subject out of the standard model of these 
plurality by building two or more standard models beforehand by adopting such a configuration — choosing — this 
standard model — the base — carrying out — the face surface model of a photographic subject a head frame 
model, and a row of teeth — a model can be built and the three-dimension model of the face of a photographic 
subject can be created based on these. Since the standard model according to a photographic subject is used as 
the base, and there are few amounts of amendments at the time of building each model and they end at this time, 
the three-dimension model of a face can be created simply and quickly, moreover, a face surface model since a row 
of teeth is also important as a factor which has big effect on people's expression according to research of this 
invention person, and not only a head frame model but a row of teeth — it becomes possible by also building a 
model and creating the three-dimension model of a face to excel in the repeatability of expression change and to 
generate the three-dimension model of a face more real than before. 

[0010] moreover, in said claim 1, the creation approach of the three-dimension model of a face according to claim 2 
computes and builds a three-dimension coordinate value, when said standard frame model and a standard face 
surface model average two or more individuals' frame, and the focus of face surface data — having — said standard 
row of teeth — it is the approach by which the model was built by averaging the width of face of a row of teeth, 
height and depth from the frame of two or more individuals' head, respectively. By adopting such a configuration, 
when age, sex. etc. use known personal data, a standard model can be built simply and correctly. 
[0011] Moreover, the creation approach of the three-dimension model of a face according to claim 3 is an approach 
by which two or more kinds of said standard models are beforehand built according to age, sex, a race, etc. in said 
claim 1 or 2. Since there are few amounts of amendments at the time of building each model and they end by 
building beforehand the standard model near the person who becomes various photographic subjects by adopting 
such a configuration, the three-dimension model of a face can be created simply and quickly. 

[0012] Furthermore, the approach of this invention which transforms the three-dimension model of the face created 
as mentioned above according to claim 4 Two or more sorts of standard models which consist of models are built 
beforehand, a standard frame model, a standard face surface model, and a criterion — a row of teeth — The three- 
dimension coordinate value of the focus on the face of a photographic subject is computed using two or more face 
images rotated towards left and right laterals from the transverse plane of the face of a photographic subject. While 
amending said standard face surface model based on this three-dimension coordinate value and building the face 
surface model of a photographic subject The three-dimension coordinate value of the focus on the frame of a 
photographic subject is computed using the frame image of the transverse plane of a photographic subject and a 
side face. Based on this three-dimension coordinate value, amend said standard frame model, and the head frame 
model of a photographic subject is built. A model is built, further — the mold of the row of teeth of a photographic 
subject — using — the three-dimension coordinate value of a row of teeth — computing — this three-dimension 
coordinate value — being based — said criterion — a row of teeth — a model — amending — the row of teeth of a 
photographic subject — the face surface model of these photographic subjects, a head frame model, and a row of 
teeth, after creating the three-dimension model of the face of a photographic subject by unifying a model While a 
mimic-muscles model is arranged so that the face surface model and head frame model of said photographic subject 
may be connected, and setting up the elastic modulus of mimic muscles, the elastic modulus of the skin is set up. It 
is the approach of computing migration of the focus group of the face surface model accompanying telescopic 
motion of mimic muscles, transforming a face surface, and changing the expression of the three-dimension model of 
the face of a photographic subject By adopting such a configuration, the expression of the three-dimension model 
of a face can be changed with reality. 
[0013] 

[Embodiment of the Invention] Hereafter, the creation approach of the three-dimension model of the face in the 
medical field which is one example of this invention, and its deformation approach are explained to a detail with 
reference to drawing 1 thru/or drawing 1 1 . Fundamentally, the approach of this invention is performed by 
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information processors, such as a personal computer, and shows the flow of fundamental processing of the 
approach of this example to drawing 1 . As shown in this drawing, at step 1. two or more standard models used as 
the base of the three-dimension model of the face which is a photographic subject are built beforehand first, this 
standard model — a standard frame model, a standard face surface model, and a criterion — a row of teeth — it 
consists of a model, and it is desirable to prepare various variations as much as possible from the direction with 
little gap with the focus of the face of a photographic subject being desirable, for example, it prepares according to 
sex, a race, age, etc. Therefore, what is necessary is for the head CT data of various Japanese age groups to come 
to hand beforehand, and just to build a standard model using this, when targeted at Japanese people, under the 
present circumstances, this example — setting — an individual row of teeth — since the standard model is built 
also in consideration of a model, the standard face of various age groups is expressed with high precision, and the 
dynamics of a face are reproduced. 

[0014] And the three-dimension model of a patient's face is built at step 2. The three-dimension model of this 
patient's face chooses what is most approximated to a patient from the standard models built at step 1, and creates 
this as the base, the frame image by the X-ray picture of a patient's transverse plane and a side face while 
specifically building a face surface model using two or more predetermined face images which rotated the include 
angle every towards left and right laterals, respectively from the transverse plane of a patient's face — using a 
head frame model — building — further — the mold of a patient's row of teeth — using — a row of teeth — a 
model is built. Thereby, since a patient has few exposures of an X-ray as compared with CT etc. and ends, safely, 
he can build the three-dimension model of a face at simple and practical cost, and the three-dimension-grasp of the 
frame of the patients before an operation etc. and a face surface of him is attained. So far, it is the creation 
approach of the three-dimension model of a face. 

[0015] And it is the deformation approach of the three-dimension model a patient's face obtained by doing in this 
way after step 3, and step 3 is a process which the expression of the three-dimension model of the obtained face is 
changed, or predicts change of the postoperative fades by the physical model, and step 4 is a process which 
reproduces expression with a still more sufficient precision using a video camera. 
[0016] Hereafter, each step is explained to a detail. 

Step 1 The outline of the construction step 1 of a standard model is as being shown in drawing 2 , and prepares the 
data of a wire-frame model (henceforth a basic model) used as the base first, as this wire-frame model — a face 
surface model, a frame model, and a row of teeth — using what consists of a model can use commercial things, 
such as 5072 made from ViewPoint, and a thing of 7757 polygons, preferably. 

[0017] On the other hand, a specific race, sex, and the three-dimension CT data of the head of the individuals (for 
example, male of Japanese 30 years-old cost etc.) of plurality (about five persons) of age come to hand, and the 
three-dimension image of a face front face and a frame is built based on this CT data. This three-dimension image 
obtains the fault image of a head at intervals of predetermined for example, by CT photography, it can perform 
removal of the threshold processing and the artifact which used the difference in the transmittance of an X-ray to 
these image sequences, can separate a frame and the tissue section, and can obtain them about each of a frame 
and a face surface. 

** Extract the focus of about 100 points using commercial software etc. out of the three-dimension image of the 
face surface of standard face surface model **** and the obtained each people, and calculate the three-dimension 
coordinate value of each point, here , although it arrange in the location which the focus be a point which be needed 
in order to define a bordering configuration , and the roughness and fineness of the boundary point of a straight line 
and a radii and a joint change and many focus be extract rather than 100 points in the basic model , in this example , 
only the important focus ( henceforth the correspondence focus ) be alternatively extract in a face front face and a 
frame in respect of a workability . And the three-dimension coordinate value of all the members' focus is averaged, 
and the an average of 3-dimensional coordinate value of each focus is calculated. Here, on the basis of what, since 
it is a relative value, although a three-dimension coordinate is good, it sets the Z-axis as a cross direction for a 
longitudinal direction by setting a Y-axis as the X-axis and the vertical direction on the basis of the core O of the 
axis (Ear Rod) which penetrates both lugs as shown in drawing 3 . and should just write the location from this core 
O, for example. 

[0018] A basic model will be transformed if it does so. What is necessary is just to perform this deformation by 
giving each an average of 3-dimensional coordinate value to the correspondence focus of the basic model of a face 
surface, and moving each point to that coordinate value, and giving the suitable movement magnitude in that 
location in three dimension from the movement magnitude of the nearby correspondence focus about the focus 
other than the correspondence focus of a basic model. Thus, migration of all the focus of the basic model on the 
front face of a face is completed using each people's average coordinate value obtained with CT data, and it 
considers as a standard face surface model. 

** In the case of a standard frame model, next a frame, extract the focus of about 60 points out of the three- 
dimension image of each people's frame, calculate the three-dimension coordinate value of each focus similarly, and 
compute each people's an average of 3-dimensional coordinate value. By transforming a basic model like the case of 
the standard face surface model mentioned above based on this an average of 3-dimensional coordinate value, 
migration of all the focus of the basic model of a frame is completed, and it considers as a standard frame model. 
** a criterion — a row of teeth — a model criterion — a row of teeth — about a model, since a dental number and 
the dental method of a list are standard, standard modeling can be carried out only by rough size conversion, 
namely, the data of only each people's head CT data to a frame part — extracting — a row of teeth — the die 
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length of the whole width of face, height, and depth is measured, respectively. What is necessary is just to perform 
measurement of this row of teeth using the software of marketing which used the high precision three-dimension 
DEJFTA riser etc. and all the members* data — averaging — an average row of teeth — the die length of the whole 
width of face, height and depth is computed, asking for the ratio of this data and the data of the basic model of a 
row of teeth, and applying this ratio to the coordinate value of the focus of the basic model of a row of teeth — the 
coordinate transformation of a basic model — carrying out — a criterion — a row of teeth — it considers as a 
model. 

[0019] thus, the obtained standard frame model, a standard face surface model, and a criterion — a row of teeth — 
a predetermined race, sex, and the standard model of age can be built by combining a model. 
Step 2 The outline of the construction step 2 of the three-dimension model a patient's face is as being shown in 
drawing 4 thru/or drawing 7 . When a patient is a 35-year-old Japanese male here, what was most suitable for the 
condition out of the standard model currently prepared two or more kinds in advance is chosen. That is, a Japanese, 
his 30's, and a male standard model are chosen in this case. 

** If construction of face surface model **** and a face surface model is explained, rotating by a unit of 15 degrees 
right and left by a unit of 90 degrees from the front of a face in a known distance [ from a camera to a patient 
(photographic subject) ] environment (for example, the distance of 100cm). as shown in drawing 4 , a photograph will 
be taken, respectively and the image (F, LI - L6, and R1-R6) of a total of 13 sheets will be obtained. The coordinate 
value of the focus in 180 degrees of front faces of a face is obtained by stereo measurement extracting the focus 
on the main faces from each [ these ] image (for example, about 50 points), calculating the three-dimension 
coordinate value of each point, and unifying this about all images. Here, stereo measurement is the technique of 
carrying out automatic extracting of the pair of the measure point of an object with a correlation technique etc., and 
obtaining the three-dimension coordinate value from the photography image of two sheets with which views differ 
using the parallax which is known. 

[0020] If it does so, by giving the measured three-dimension coordinate value, and moving each focus to the 
coordinate value, and moving to the correspondence focus of a standard face surface model (wire-frame model) 
smoothly by interpolation from the movement magnitude of the nearby correspondence focus about the focus other 
than the correspondence focus, migration of all the focus on the front face of a face of a standard model can be 
completed, and a face surface model can be built. 

** In construction of a frame model frame model, as shown in drawing 5 , take the X-ray specification photograph of 
a patient's transverse plane and a side face, trace this, and create the SEFA log ram of a transverse plane and a 
side face. The SEFA log ram of this transverse plane and a side face is read with a scanner, and it considers as a 
digital image. This digital image is incorporated in a personal computer, the 60 focus on a frame is plotted from each 
image, and the three-dimension coordinate value of each focus is obtained using SEFA log ram three-dimension 
mensuration including expansion and spin compensation. Here, SEFA log ram three-dimension mensuration is the 
technique of applying general stereo mensuration to a transverse plane and a side-face SEFA log ram, adding 
expansion / rotation error correction which originates in fluctuation of the location and posture of a head at it, and 
obtaining the exact three-dimension coordinate value of the focus on a frame. 

[0021] If it does so, a standard frame model will be transformed. This deformation is performed by completing 
migration of all the focus of a standard frame model by giving the three-dimension coordinate value obtained by the 
correspondence focus of a standard frame model (wire-frame model), respectively, and moving each focus to that 
coordinate value, and moving smoothly by interpolation from the movement magnitude of the nearby 
correspondence focus about the focus other than the correspondence focus of a standard frame model. Thus, a 
frame model can be built. 

** a row of teeth — a model — a row of teeth — in the case of a model, it is shown in drawingjj — as — a 
patient's row of teeth — create a plaster model, measure using contact mold three-dimension digitizers, such as a 
high precision three-dimension DE JIT A riser, about six endpoints of each of this gear tooth (a total of 32) and a row 
of teeth, and obtain these three-dimension coordinate values, next, a criterion — a row of teeth — a model is 
transformed, this deformation — a criterion — a row of teeth — giving the three-dimension coordinate value 
measured, respectively to the correspondence focus of a model, and moving each focus to that coordinate value, 
and moving smoothly by interpolation from the movement magnitude of the nearby correspondence focus about the 
focus other than the correspondence focus — a criterion — a row of teeth — it carries out by completing migration 
of all the focus of a model, thus, the row of teeth which reproduced the magnitude and the inclination of an 
individual gear tooth, and arrangement correctly in three dimension — a model can be built. 

** integration of each model — such — carrying out — a patient's face surface model, a frame model, and a row of 
teeth — if a model is built, these will be unified with a mimic-muscles model. That is, as shown in drawing 7 , a face 
surface model and a frame model are first piled up with a side-face SEFA log ram. and right physical relationship is 
acquired by uniting each inclination (**). moreover, a row of teeth — (**) which unites the inclination after piling up 
with a side-face SEFA log ram similarly about a model, and (**) arranged in the standard location between a frame 
model and a face surface model using a general thing about a mimic-muscles model — things — a face surface 
model, a frame model, and a row of teeth — a model and the three-dimension model of the face of a patient 
including a mimic-muscles model can be obtained. 

[0022] In addition, although a mimic-muscles model consists of 14 kinds of muscles, main things are 12 kinds of A-L, 
as shown in drawing 8 . the origin of them was carried out from the frame in practice, have taken the gestalt of 
adhering to the skin, and have produced a complicated and delicate expression on the face front face by these 
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contraction movements. In the model of this invention, the mimic muscles concerned with expression expression are 
supposed for a non-line type spring, and muscular reinforcement is reproduced with the elastic modulus. Although 
mimJc muscles can roughly be classified into a radial muscle and a cyclic muscle, a radial muscle (A-C and E-J) is 
the straight-line-like spring which connects a frame and the skin, and. in the case of a cyclic muscle (D and L), the 
gestalt is reproduced by combining a spring with cyclic. About generation of the expression accompanying 
movement of these muscles, it mentions later. 

[0023] The three-dimension model of a fundamental face can be created by step 1 and step 2 which were 
mentioned above, the standard model near [ according to the approach of this this example ] the person who builds 
two or more standard models beforehand, and becomes a patient out of the standard model of these plurality — 
choosing — this standard model — the base — carrying out — a patient's face surface model, a head frame model, 
and a row of teeth — since a model is built, these are unified and the three-dimension model of a face is created, 
the three-dimension model of a face can be created more quickly than before and easily. Moreover, although hardly 
conventionally taken into consideration about a row of teeth in each three-dimension model According to research 
of this invention persons, when a deficit and the unique description are in a tooth part, for example It turned out 
that that part has big effect on the focus of the surface section of a face, and the configuration of a row of teeth 
etc. has big effect on the real nature of the three-dimension model of a face further since the mandible containing 
this row of teeth exercises by the gena which shows the most intense motion, then — this example — this row of 
teeth — it is what improved very much in real nature by creating a model according to an individual, moreover, when 
a standard model averages the focus of two or more individuals' head frame model, and a standard face surface 
model, a three-dimension coordinate value is computed and built — having — a standard row of teeth — since the 
model is built by averaging the width of face of a row of teeth, height, and depth from the frame of two or more 
individuals' head, respectively, a standard model can be built simply and correctly. Furthermore, since only an X-ray 
photograph and the usual photograph need to perform neither CT nor MRI, a patient's image can control the amount 
of contamination of an X-ray to the minimum, and the effectiveness that safety improves also does it so. 
Step 3 By transforming the three-dimension model of the face created at step 2 which carried out the deformation 
simulation above-mentioned, if expression, such as joy, anger, humor and pathos, is generable with reality, the utility 
value of the three-dimension model of a face can be raised further. For example, in the field of medical application, if 
a postoperative expression is reproducible with reality beforehand, it can be easy to judge the patient who is a 
photographic subject, and sense of security can be given, and an unnecessary trouble can be evaded, and it is 
desirable. 

[0024] Then, how to transform the expression of the three-dimension model of the face generated by the approach 
of this example is explained below. 

[0025] First, the property as a spring which had elasticity in the face surface model and the mimic-muscles model is 
given, the elasticity of the skin on the front face of a face is shown in drawing 9 — as — a face surface model — 
the 1- grouping is carried out to the 8th eight face unit, and suppose that the elasticity for which was resembled, 
respectively and it was suitable is given. Many of mimic muscles were carried out from beginning to end within one 
unit, and it has adhered to the unit interface. Therefore, it is easy to produce a wrinkling on this Rhine. Especially an 
important thing is Rhine of eyebrows and a nasolabial sulcus, many mimic muscles cooperate mutually, and operate 
and various expression is generated. So, with the three-dimension model of this example, after it divided into 12 
kinds (six groups) the mimic muscles mainly concerned with expression generation as shown in Table 1 and drawing 
8 , and storing each mimic-muscles group in each unit, we decided to reproduce the strike of actual mimic muscles 
by taking those adhesion locations on an interface. 
[0026] 
Table 1] 
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[0027] Moreover, since it becomes unnecessary to calculate about the focus of the whole face while controlling that 
the focus which constitutes a model moves by making it operate only the unit which has stored the muscles to 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran^web.cgi.eije 



2006/04/28 



JP,2003-044873,A [DETAILED DESCRIPTION] 



6/9 s<— V 



contract in the expression.generate time, and the unit which adjoins it without any restriction, realistic 
prosopodysmorphia and efficient expression generation are possible. For example, moving by contraction of the 
muscular group of a cheek is the focus on the 4th unit which stores it and the unit which aajoins it and since other 
parts have being influenced [ little ]. count can be excluded. Since especially the 7th unit of a nose and the 8th unit 
of the temporal region hardly move, it can be considered that they are the fixed point. 

[0028] Next, if how to approximate the elasticity of muscles or the skin with a spring is explained, the die length of 
the mimic muscles which scan each unit at the time of amimia will be found, and let this be the muscular length Ln 
of criteria. Moreover, the muscular length at the time of the maximum contraction is set to Lmin. And a degree type 
defines the rate Cr of muscular contraction in case muscular die length is Li. 
[0029] 
[Equation 1] 

c r = Ln ~ L ' X100 ( Lm I n < L J < L n ) 

Ln — Lm! n 

[0030] And it is possible for two straight lines from which an inclination differs to express the property of an elastic 
coefficient over the value of the rate of muscular contraction, as shown in drawing 10 , and to make muscular 
nonlinearity resemble, and to control muscular elasticity by changing these two slopes of a line. 

[0031] On the other hand, in case the spring which hits a mimic-muscles model contracts, the focus group of a face 
surface model connected to it is pulled, and it deforms. The method of the deformation in this case is analytically 
searched for by solving serially the equation of motion of the three dimension about each focus. Movement in the 
focus i on a skin model is computed by solving the equation of motion of the following equation (1). Here, the rate Cr 
of muscular contraction is as having mentioned above, and the prosopodysmorphia by frame movement can give the 
angle of rotation of the mandible as a circumference of each shaft, and the amount of parallel displacements in 
alignment with each shaft as a parameter, and it can ask for it by similarly solving the equation of motion of an 
equation (1). 
[0032] 
[Equation 2] 



d ^ r d r 

= — 2- k | j (r j-r j) +m jg-R 



m 



d t 2 J d t 



■ ■ • (1) 

[0033] ri and rj show among a formula the position vector of the focus j connected with the focus i on a skin model, 
it, and a spring, respectively, in the 1st term of the right-hand side of a formula (1), elastic force and the 2nd term 
show gravity and the 3rd term shows a viscous term, respectively. In addition, R is a viscous constant and with the 
rate Cr of muscular contraction, the value of an elastic modulus Ky is changed in two steps, and approximates the 
nonlinearity of the skin and muscles. Here, if mi assumes that it is small enough to R. an equation (1) can be 
approximated as the following differential equations (2) and (3). 
[0034] 
[Equation 3] 

dx,(t) _ 5E dy , (t) _ 8 E 

+g t 

d t fix, d t Sy , 



dz,(t) fiE 

! = ... (2) 

d t <5 z , 

[0035] 
[Equation 4] 

E = lk ii ( L i j — Z j j ) 2 + 2. k j h KL }h -l lh -— h ) 

• • • (3) 

[0036] (xi, yi, zi) are the coordinates of the focus i of a skin model among a formula, lu is natural length of a spring 
who connects the focus i and j on a skin model, and lm is natural length of a spring who connects the point I of a 
frame, and the point h of the skin. LijUh is the die length of the actual spring showing skin muscles, kij is a skin 
elastic coefficient klh is a muscular elastic coefficient deltaflh is the force of joining mimic muscles Ih, and E is the 
elastic energy of the system in the whole model further. In addition, the skin elastic coefficient k[j is the parameter 
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which determines the elasticity of the skin, and defines a value experientially for every unit through an expression 
generation experiment The- muscular elastic coefficient klh is the parameter which determines muscular 
reinfbrcement and defines a value experientially for every muscular group like each part through an expression 
generation experiment 

[0037] Although the focus of a skin model moves according to a formula (3), in order for a mimic-muscles model to 
be restrained by the curved surface of a frame model and to exercise, it is controlled so that the focus of a skin 
model does not enter into a frame. 

[0038] Moreover, in addition to muscular telescopic motion, movement of a mandible is also that of the important 
factor of expression generation. Contraction of this factor and muscles combines and the movement toward closing 
motion of opening etc. is realized. Movement of the focus contained in a mandible is expressed by coordinate 
transformation like the following type (4). 
[0039] 
[Equation 5] 



cos 0 



-s in0 x s in0 y -cos0 x s in© 
cos 9 x sine x 



sin 0 



s in0 „ s in0 



cos 0 x cos 9 y 




(4) 



[0040] Among a formula, (xi. yi, zi) are the focus coordinates of the frame model before migration, and (x\ y\ z'i) are 
the coordinates after migration, theta x and thetay are the angle-of-rotation parameters of the vertical direction 
(the direction of a x axis) of a mandible, and a longitudinal direction (the direction of the y-axis), respectively, and Iz 
is the advancing-side-by-side parameter of the cross direction (the direction of the z-axis) of a mandible. In 
addition, the zero of this coordinate transformation is the supporting point of jaw indirectness. 
[0041] In the expression generation by movement of a mandible, the focus group of the mandible section is first 
moved by the coordinate transformation of a formula (4). And it asks for the elastic energy by telescopic motion of 
the spring of the skin produced with the movement, and muscles, it calculates until it reaches equilibrium, and the 
focus is moved. In this way, closing motion of opening accompanying movement of a frame, the protrusion of a 
mandible, torsion, etc. are reproduced. 

[0042] And the muscular number contracted in "a smile", "resentment", "sadness", "surprise", etc. which are 
human being's fundamental expression pattern based on these, the rate of muscular contraction, the unit to 
contract, the mandible angle of rotation, etc. are beforehand measured, as shown in Table 2. these — being based - 
- the face surface model of the three-dimension model a patient's face, a head frame model, and a row of teeth — 
the expression of the three-dimension model a patient's face can be changed by moving the focus to which a model 
corresponds. 
[0043] 
[Table 2] 
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[0044] Moreover, according to the deformation approach of the three-dimension model of the face of the patient of 
this example, the facies after an operation can be shown. For example, in correcting a row of teeth, it inputs the 
program which operates steps 1-3 mentioned above in the commercial personal computer etc. By actuation of step 
1 and step 2 which were mentioned above, three-dimension-grasp of the face-form voice before correction. After 
analyzing, mandible movement magnitude is inputted based on change of a postoperative frame, a 
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pro s op odys morphia processes computed by solving the equation of motion, and each focus of a head frame model is 
moved — making — the face surface model from the top, and a row of teeth — by moving these focus to change of 
a frame with a model in piles The expression of the three-dimension model of the face of the patient after 
orthodontics can be simulated. Since this actuation can be processed at about 1 minute/affair of rates and can be 
displayed directly on a display even if it uses a commercial personal computer, it can consider as the effective 
information presentation tool to the patient who is a photographic subject, moreover, in performing plastic surgery of 
not only a row of teeth but the whole face After performing three-dimension-grasp of the face-form voice before 
plastic surgery, and analysis similarly, the focus of a head frame model is moved based on change of a postoperative 
frame, moreover, the focus of a face surface model is moved based on change of a head frame model and change of 
the face surface itself — making — further — a row of teeth — the expression of the three-dimension model of 
the face of the patient after plastic surgery can be simulated by moving the focus for a model in piles. 
Step 4 Expression generated at the adjustment step 3 of the parameter of the muscles and skin elasticity of the 
patient using a video image can be made still more real by actuation shown in the flow of drawing 1 1 using a 
patient's video image. 

[0045] First, about 20 markers T of a black dot are stuck on a patient's face front face. This marker selects the 
main focus which operates for example, at the time of expression expression, and the focus of about three points 
considered to seldom move to posture amendment of a head. And a patient's expression is photoed from a right- 
and-left slanting 2-way as a dynamic image to coincidence by the digital video. At this time, the dynamic image of 
various expression, such as a jaw movement, chewing motion, utterance actuation, a smiling face, and dislike, is 
photoed. 

[0046] And by computer software, such as commercial optical motion capture software, the location of each marker 
is automatically detected from a dynamic image, and the three-dimension coordinate value of the time series of the 
focus equivalent to this marker is measured. Give the elastic modulus of each muscles and the amount of muscular 
contraction, and the amount of mandibular movement as an expression parameter to the three-dimension model of a 
patient's face, it is made to correspond to a jaw movement, chewing motion, utterance actuation, a smiling face, 
dislike, etc. apart from this, the three-dimension model of a face is transformed, and the expression dynamic image 
of various expression is obtained. 

[0047] And the three-dimension coordinate value based on the marker position in various expression etc. is 
compared with the locus of the corresponding points by deformation of the three-dimension model of a patient's 
face, and total of the error between the focus on the front face of a face is calculated. And when total of this error 
** whether it be less than the threshold set up beforehand and exceed a threshold , actuation of the comparison 
and the parameter adjustment mentioned above repeat until it tune parameters , such as the muscular amount of 
contraction , an elastic modulus , and an elastic modulus of the skin , finely about that unit so that a value with error 
may become small , and transform the three dimension model of a patient face again , it generate expression and 
total of the error in all units become below a threshold . Thus, various expression generation can be enabled using 
the three-dimension model of an individual face from an expression dynamic image. 

[0048] As mentioned above, although the creation approach of the three-dimension model of the face of this 
invention and its deformation approach have been explained based on one example, this invention is not limited to 
said example, but various deformation implementation is possible for it. For example, although the number of the 
focus extracted in a standard face surface model or a standard frame model was made into 100 points and 60 points 
by this example, respectively, even if [ than this ] more, it is possible at least. However, what is necessary is just to 
choose suitably according to the engine performance of the personal computer which is the information processor 
to be used, the application of a head three dimensional object model, etc., since the processing time is required 
while the precision of the three-dimension model of the face obtained, so that there is many focus to extract 
improves, although the creation approach of the three dimension model of the face of this invention which be 
mentioned above be suitable for analysis of dynamic face movement on medical fields, such as medical fields, such 
as orthodontics operation simulation, and plastic surgery, plastic surgery, and psychology etc., it can expect 
application to a broad field, such as a design of a humanoid mold robot head, from the field of entertainment, such 
as not only application to the patient in these medicine-fields but animation, a game, a movie, etc.. and a pan. 
[0049] 

[Effect of the Invention] The creation approach of the three-dimension model of the face of this invention according 
to claim 1 Two or more sorts of standard models which consist of models are built beforehand, a standard frame 
model, a standard face surface model, and a criterion — a row of teeth — The three-dimension coordinate value of 
the focus on the face of a photographic subject is computed using two or more face images rotated towards left and 
right laterals from the transverse plane of the face of a photographic subject While amending said standard face 
surface model based on this three-dimension coordinate value and building the face surface model of a photographic 
subject The three-dimension coordinate value of the focus on the frame of a photographic subject is computed 
using the frame image of the transverse plane of a photographic subject, and a side face. Based on this three- 
dimension coordinate value, amend said standard frame model, and the head frame model of a photographic subject 
is built. A model is built further — the mold of the row of teeth of a photographic subject — using — the three- 
dimension coordinate value of a row of teeth — computing — this three-dimension coordinate value — being based 
— said criterion — a row of teeth — a model — amending — the row of teeth of a photographic subject — the 
face surface model of these photographic subjects, a head frame model, and a row of teeth, since it is the approach 
of creating the three-dimension model of the face of a photographic subject by unifying a model Since there are few 
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amounts of amendments at the time of building each model and they end by using the standard model according to a 
photographic subject as the base, the three-dimension model of a face can be created simply and quickly, moreover, 
a face surface model and not only a head frame model but a row of teeth — it becomes possible by also building a 
model and creating the three-dimension model of a face to excel in the repeatability of expression change and to 
generate the three-dimension model of a face more real than before. 

[0050] Moreover, the creation approach of the three-dimension model of a face according to claim 2 In said claim 1, 
by averaging two or more individuals' frame, and the focus of face surface data, said standard frame model and a 
standard face surface model compute a three-dimension coordinate value, and are built, said standard row of teeth 
— since it is the approach by which the model was built by averaging the width of face of a row of teeth, height, and 
depth from the frame of two or more individuals' head, respectively, a standard model can be built simply and 
correctly. 

[0051] Moreover, the creation approach of the three-dimension model of a face according to claim 3 is an approach 
by which two or more kinds of said standard models are beforehand built according to age, sex, a race. etc. in said 
claim 1 or 2. Since there are few amounts of amendments at the time of building each model and they end by 
building beforehand the standard model near the person who becomes various photographic subjects by adopting 
such a configuration, the three-dimension model of a face can be created simply and quickly. 

[0052] Furthermore, the approach of this invention which transforms the three-dimension model of the face created 
as mentioned above according to claim 4 Two or more sorts of standard models which consist of models are built 
beforehand, a standard frame model, a standard face surface model, and a criterion — a row of teeth — The three- 
dimension coordinate value of the focus on the face of a photographic subject is computed using two or more face 
images rotated towards left and right laterals from the transverse plane of the face of a photographic subject. While 
amending said standard face surface model based on this three-dimension coordinate value and building the face 
surface model of a photographic subject The three-dimension coordinate value of the focus on the frame of a 
photographic subject is computed using the frame image of the transverse plane of a photographic subject, and a 
side face. Based on this three-dimension coordinate value, amend said standard frame model, and the head frame 
model of a photographic subject is built. A model is built, further — the mold of the row of teeth of a photographic 
subject — using — the three-dimension coordinate value of a row of teeth — computing — this three-dimension 
coordinate value — being based — said criterion — a row of teeth — a model — amending — the row of teeth of a 
photographic subject — the face surface model of these photographic subjects, a head frame model, and a row of 
teeth, after creating the three-dimension model of the face of a photographic subject by unifying a model While a 
mimic-muscles model is arranged so that the face surface model and head frame model of said photographic subject 
may be connected, and setting up the elastic modulus of mimic muscles, the elastic modulus of the skin is set up. It 
is the approach of computing migration of the focus group of the face surface model accompanying telescopic 
motion of mimic muscles, transforming a face surface, and changing the expression of the three-dimension model of 
the face of a photographic subject. By adopting such a configuration, the expression of the three-dimension model 
of a face can be changed with reality. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart which shows roughly the flow of processing of the creation approach of the three- 
dimension model of the face by one example of this invention. 
[Drawing 2] It is the flow chart which shows actuation of step 1 in said example. 
[Drawing 3] It is the front view showing the coordinate core in said example. 

tP.rQyyinS...4l It " s the flow chart which shows face surface model creation actuation of the patient of step 2 in said 
example. 

[Dra win g 5] It is the flow chart which shows frame model creation actuation of the patient of step 2 in said example. 

[Drawing 6] the row of teeth of the patient of step 2 in said example — it is the flow chart which shows model 
creation actuation. 

[Drawing 7] It is the flow chart which shows integrated actuation of the three-dimension model of the face of the 
patient of step 2 in said example. 

[Drawing 8] It is the front view showing the class of muscles in a mimic-muscles model. 

[Drawing 9] It is the front view showing the unit which classified mimic muscles in the face surface model. 

CPxayyinfi.lQl It is the graph which shows the property of the progressing spring assumed as a mimic-muscles model. 

[Drawing 1 1] It is the flow chart which shows the adjustment approach of the parameter of the muscles and the skin 
elasticity of the photographic subject using a video image. 
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3 &7t<DM1&#. :i e7 i F A C S (Fao i a I 
Action Coding System) Icflfeofc 

SSJffiiSl'Jl:: «fe o T SSf^-T -S c t T?^fiSi*fiE-T -5 *> (O 
&tomtfit£$L&fr feffix, 4 4©<Z>AUiP¥l#h.3g:*: 

[ooo4] -3?. tei««i;f;ttii. Bffioyi&ewei. 
tix c i: ic© a l tz^mx- fe y . si»a>Ki * sism 
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[0 0 0 5] Lfr*>Z.4xt>Vt&<Oti8<»3#i™ J Z'r)\'0)ft 

/MS t *x & £ £ u -5 F H m6rt<& o fc, 

[0 0 0 6] -fCX* Sia-CttCT-pMR I &<!:A^f# 

Izfr&iX L&l*2imn.[zX.K& l> 5 B6Slj5iA<fco 
6<fc*. -t©-*X. j£#<0ftiafltf> 3 JfcTc^r— 9£f#& 

iz i* c t & a $ l x * c t * mmi- & t s# 

[0 00 7] JMSEteAvSr^&SIKffi^Xfc^fc.fc^a) 

£a«-r $c±:£i&*)£-r&. *fsfjni*> coj; 

[O0 0 8] 

[fSSI£A¥&-f $ /=«&<>>*«] **^0>lf $41 1 g3«E(D 
¥*rofiMS±<Dt#^<J5 3 2>j7uJ^afia*^dlL. C<7>3 

&s&a<fiK£^oxjasaai»ss&®*-r ji^aiE lt 

£U $f>lC^t*0>®5iJ<DS$fflL^©5lJ0)3^5cffi 
«HS^StBL. C0)3^5E^a(SI=S^t^Tfi!lSH«S^« 

/U £tt&T £ c t »c «fc y tt?M:a>M0> 3 iKS* £ ft 
[0 0 0 9] C(D<fcd^*Sfi£$Sffl-r*Ci:l-i:y. 
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t> & 3St 05 =r ) l> <D <P A^C, ft # $ A & I = iS t *S 

;u£*— Xfc LXl*5(0X&*7^U£a^''5RS<DtiIE 
< X -Tt;fcW> 1S5*A^ffl^l=8fiO? 3 ^fc^ -r 
JUfcftjrrSCitfX-^-So *S£GH*(DW3£(::J: 

*^juf£itx<£< . ^l^xJUfca^LxSSros&Tc^ 

*«fc y t 'j r/ufcssro 3 j^st^e x/u* set a<si 
filths. 

[OO 1 0] fS#iB2SE$t(D®<©3#7c^¥JUD 
[0 0 1 1] £f=. ISI^SSaffitOSKOS^TC^^CD 

-r*ctl^«fcy. a^©ffii:«:i:<ci>A!K!i[rjfiL>a* ; E 

<Ti 3 atSc^ ■r/U* fi£-T ^) w *<X ^ -S. 
[0 0 12] ^tolc, ±a«Lfc<fc-5lcLX^l**H/i:8S 

I*, ai|S't<S : ET i /Ui:a^ilI*@ : e-r;Ui:a^ffi5>J^ : r 

WLWto<D&.<7>mffifriottmw\zti\txmzZi£ 
5c^a<s ^nta l , - <d 3 ^Tcffiapics-^t^x sfFtsa 

^ -r IV * 4iiE L Xtft^ffcOSSSia^ irJU 
f«>-^> tt3i:«:<DiE®&t;«l®<Dfl■^&©«$fflt^X?^ 
^tt<Btft&±<B#a£0>3&7c£8te£»aiU CCD 3 
*7C^aft«=3l^l^XHSlKam't1S i E7 : /U^«iE LXtfi 

S^ffl^Xffi51J0)3?)j7CffiaiB^#tliL, C<0 3^tc^ 

aMi^s-^^xBijsBamffi^^^^aiE lx»^cd 
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[00 131 

lt*3<. LfcA'ot, s*A£*mtf5*a£i::i*, 

B*A<J>«-fI^8Slg«>PSflC Tf-$ Sfc&^CtfJA^ 
U C*t^fflUTS46 ; ETr;U$«^-r*l(*<fctV C<D 

[0 0 1 4] *Ut. X"TV^2"C. s&moMto 3 3t7t 

*T)U%mm?&o ccdjs^Kots&tc^tJM*. x 

tttfcMlcis. S#cD8iroiEffi*>P,^(liSlct;itT 
8I»®^-r;u*«S-f 5— ^. S#roiE®;&tffiHcB0>x 

cmz£ys§i*cT#iffcj±&LTxta<73jfg8tffi 

Max hT'Sl<7)3^7£ : E5 i ;U£mS-r'5CtJ!i<T?^, 

oit&tfcS. lBa>3j»7u^-T>K0f*j«*s* 

[O0 15J tLT. X-r->^3ia^li. CCD«fc of" L 

-c^e>*iSJS#<oga<o 3 jfeTc^T ;u«>&»*&-cfey . 

X^S/:73I*. S"b*tfcllSa>3^3C-t-f;KDai»*ffiffc 

U\ ^jS^t juiz «fe $tfj»<»as8&0>a<b£ ^Sl L 
[ooi6] jut. #XT=--y-^f=ouri*^ai-ittaB-f 



x-T«v^i<D«isi*ia2i-^-rt*5yci&y. ^r. * 

-XtftS9-f^-7U-Atf^ (JUT. tt^-rJU 

f^iLTI*. MiM«^. WHBT^JklflWl'Ef 

wPo i n ttt3IO>5 0 7 2/Su 7 7 5 7sK'J rfXDt 
<Dfci:ltj|E0>4><O£ffll*ac 

[oo 1 7] nm<nxfi. mmifi*?m <wix.i* 
B*A0)3o&f*a>5§i4tc£) ansa (sxsit) «<i 

^AtDSI^OTSifcTcCT^r— $£A^ U :©CTf- 

3 2ft7ciir«n*. Citric TitKi=<kyflifSHiiH-eassB© 
BrEii!«£frc. ctt&(oia^ji=^L.rx$g<oiSiaj$ 

^t>4tfc#^@A<7)IISSfl>3^7eiS»4 , *^ilTSfi 
©V7 hOxTfc^fcttJBUTttl O0)S©M/SJi 
HJU «-^fl)3^7cffilHS$*«)§. CCt?, 

3. -t LT> £A<D4$®j5<D3&7cffi«HI£¥*$LT£- 
^jS<D¥«3;*Sl£*Iffi£#*>-5. CCT7. 3*5cH 

A*, m*.\*s Ei3rc^-r«fe5i=M5*sja-r*$ftfa (e 

ar Ro d) 0)4"i>O$S^i: L.-C^«7J|S)£Xtt. 
[0O18] ^-^LfcP>. »**Tr->U*^»-r5. CCD 

^Ic-tt&tOlS^lr AO-S-ISW 3 JfcTcEH&tp ^ $«J 
6 0»5<D^«j*i£tt&ttiU Is]«ic«-^fit^(0 3ife7cffi4a 
fiS***^. &<@A0>¥i4)3?R7cffifflM$«iiiLr, COT 

juntas t mmz&^Tii & WAir « c 1 1= «fc y , t 
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t.a>-c&-6<DT?, ate* & xtetetofr-zmm 1 *? 

<&«5 coot*— * fcttMroft^-t-r/woT 

tOOl 91 Cro^^CL-CSb^fcgiltfitT^. 

Airy:? 2 &#0)8gCP 3 Xtg^Et ;u<pftg 
xf; ^2 OKSttlll 4 JbSEl 7 fcjjtf ft y 

i*-r«fc £-C<a>IEJ8t*<8JE*Q 

-tOJBiJ&l OOcm) ICftl^T, 8IC0 
HlEffifrfc 9 o 1 5&-5-3|b]$eL.£:A<S> 

R1~R6) £$#-5. Ctlfe^-lI^A^XTrL/^-ti-jmc 

«ky±5fciisffi±c&*#fikj5i£ttai («ij^.i*5o^ss) 
STt^-r-sctic^y. aimai so* icS3it§^ut.^(o 

[oo2o] -t5uy-e>, s^siss^^u e^-v- 
ssa*> e>tf R3£i:: <fc y j&ibAMc^iS-r -s c t «fe y , 



o£$^ci*y hU fit*, [s]5E«iE£-&t;'b^T 
$f#S 0 :-T-. -fe7 7a?7A3afc5cttI8S£4:ra\ — 

T28fflLfc*<D-e;fey . ^-*vicbSSiJ£0{4S • ^aro^ffib 

[0021] •t : 5Lfc&, m^m^TrJu^m-t «o 

f=*y, sm-t^^T/Ko^^ts^o^K^^T-rsc 
<ti=«fcyfT5. cro«feoi=LT, #tt j e-r^*«»-r* 

♦SM^^JiKL. C<D=&ffi (5+3 2*) &t>*ffi5iJa)4iB^6 
U"C&*Sfi 3 VLitifV * =5 -f ifO^ttS 3 

S£3 ^TcWfclESil-S^LfcffiJiJ^-T^^^-f * C 

i&^-rs. -r&^>*.. 07ic^-r«t3i=*-rs«fnf ?f 
^•tL-rtt©^^ $ fcib-t** c t vie u uv(iaBifiK$»a 
•y^Atffife^^-sfci-e^csna^^fc^i+s (©) . 

3 ^Tc^-x^U^if -5 C t A<t? t -5. 
[0 0 2 2] fcfc. ^tff^^E-T^I*, 1 4S8M0)^l*lA^ 

<7)i 2iiai?*)y. msii^A^essu. ffiiiicws 
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ffiT?#6A<* teSt*^ (A~C&tfE~J) 

[O0 2 3] ±aiLfc.l:5fi:Xf»-'?lWXf7^2 
|C J: «J S^WJSfiK© 3 XlTL^TjUftf&t 4 C t * 

^a^mBiss^-T/Ko^a^^v^-r^ c tic* y 
3^7cffifflnt$»mL-c«^**vfcto)^fcy. s^m 

SS. &ff££*;h^|x¥iSTr£c£l=£yffi3S£;ftT 
SOS LfcXT -V ^2 Lfc5I<» 3 ^Tc^-r/t* ^» 

<© h =j £ ss-r a c i: a<-e # x m * u t \> 

[0 0 2 4] *ZV. ^HJfiC>J(D^I-«fcy^BEUfcai 

[oo2 5] ssas^^uiatsffis^^Ki^ 
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is ffi 
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[»1 ] 



'34403331 mm&l 



0) 

C r = Ln ~ L J X100 (Lmm<L|<Ln) 

L n — Lm I n 

[0030] *lx. mmmti&mamzti-r *.-3xmisito\zxit> Rm^j^^m^. * iz 
[oo3i] -n. affi^TJuicfefc^A^wss-r 5>-^iut#^ st<5t (i) nmwiii&a&M 

i*A<?lo?I^^fC^-r4. C<DRS<0&JI2<Dtt:£l** & [0 0 3 2] 

ft&tiizi^xo) 3 ^Tcroasi^sse $a?*fl? < c 1 1= [» 2 ] 

d t 2 ,J dt 



[0 0 3 3] j£tp. rj. r jti-ttV^aiS^^UiCO 

h;u£i*U 5t (1) <B=&ffl1fS 1 JSI*5»t£*K $2«B 
S*. »tm3iSI*3te14iK£^H^;h.iS-r. <C*5« Rl* 

d x 1 (t) _ SB 
d t 6 x , 



[0 0 3 5] 



* 

[O036j5Ctf. <xj. yj. z j) li&lS^-rVKD 
£«©Mih£J£*l#b0>fi«SS-efey. Ljj. L|hl*& 



■ • ■ (1) 

jTTSi:, j£ (1) l*#<D«fc9fcfia#2pf!5£ (2> 
(3) t L-Cififl3lT?#-5. 
[0 0 3 4] 
[343] 

dy,(t) fiE 

Z + g t 

d t <5y, 



... (3) 

[0 0 3 7] BU&^TJWim&ltiS. (3) CSotg 
[0 0 3 8] S5^C0(*^ICJ)Q^., TS-SCOilSilt 

[O 0 3 9] 
[»5] 



dz,(t) 
d t 



<5 E 
8 2 



(2) 



[Jfi 4] 



= Ik, , (l , j-Zi ,) 2 + ( 2.k, h U.h-I.h- k|h V 
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8ind x sin0 y -cos0 x sin0 y 



cos 8 x 
in© x s \n6 



X 

sine x 



COS 0 X CO8 0 




[0040] xt<K (xj. yj. z\) immtwHDftft 
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[0044] 3=fc. ^HJfi^wSSrolKDajfeTc^-x^ 
y-*-/U=l > <f ificfifr&Lfcx^ 'V ■? 1 ~ 3 CDS 
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i=ffla-r4«Fajs<D^s5ij(7)3j);5cffi«i(i8$sta!i-r-5. 

rosfiifisia&tf assists, Tsai!)ft£S4S/<?y- 
* t L.r#*.T?iaigiu nenani. assttft. %gft. as 

[0 0 4 7) tut. =&aats^i=*iit4-7-*-(4{g 
<r>m&'\* & < & & £ 5 izwitsm l . nm&&<»m<D 3 3* 

[0 0 4 8] Jil±. *«6K(0iaa)3*7£ : ET f ;K0f^J«* 

&&t;*<D&»;5&icoi*T-5iffi#jicSca*Tisis!8 l 
&*?Mzi$i\xmm?ztt®i&<D&i&*mfem-ctt* 

tc*se^o)aia)3 2fe7c*^K©^fili^i*. «*4*gjE¥ 

[O O 4 9] 



^xm&®mmm=E7 : )i'£miEi,x&i?too>m&m 

fcbL* C0 3*5c©Mfia(=^^TfitIS2fili»'&*&^7 i ;U 

z.<j)3 &5immi&iz&-3i*xm&ummm ! ZT)i,&mjE 

tic* y t6^t*:«)^<0 3 SfcTC^ET^ftfifc-r 

•c. =fr ; e-7 i >u$*»^-rs^a>*i8iEfi*<'>jfe<r^-t;fc 

<, m^?)\>i¥k&y~xma>3&7i'£ i T>\,*ft&.irh 
c tic* y . &m&ib(Dnmmz&*i®.&& y 4, tji> 

3 ^tu^E-t ;t< * ±f£-t h Z. t ii< "MB t S . 
[0 0 5 0] !9*S2fae0)SI(O3?ft7C : E^KD 

^-f aftm&z c tic j; y 3 *7cffisffi$» 
a Lr«neaF^fc*a>tffey. tdsa^^w^ffl?!]^^ 

^ -e^^+i^-r * c t ic * y ^i«g* ttfc^t-c so> 

■c. «^x;i/$fi5m*>oiE5tlc4»|g-r4ct*<-c# 

•S 0 

[005 1] IS^lSSSB^CDiKiWS^TC^-T^KD 

f^fi)t*;il*. fiHS5I»^lS 1 XI* 2 lc*3LN-C> SUtBffi** 

7 : jua<. spas, tisu. Aa«ct*icis:L:rfcp,A>i:tf)ttSft 

t h Z. t IC «fe y . t 5 icifit^S^ 

■r&momiEatf'ptKx-ttitztb. mmti^m&izm 

a> 3 ZtTt^^r )\,%Wf$.-f & ctiflx-th. 
[0 0 5 2] 3fp>Ic. ±-ffiLfccfcolcLrf^fifc**ifcSS 

;ut^f> zffimomm*? j& &i^tt«8Lt 
tzW&<Dmm^.t:m\.^x^mw<T)mm ±.0)^^0 3^. 

7cffit9te£ffiaU C<7)3^7cffiS!Mlca-5l>rmiB«l 

igiiSS ® ^ x ;u ^ J«ie u r tt^J* ^ xvu $ ffiie 

^Tcffi^ffilcS^^TBUSS^^^^^ffiiE LTtt 

¥tt:o^Sp-a-^ i exJL'^»IBL. *?>lctt^<*<Di®5ija> 

S!£m^T©?jro3;;fc5tffi*S{S£#tBU C(D3^5c)S 
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[0 5] fiOSEglJfifi'iicfci+^^-T-v^aroa^oj't^ 

■TMfsf&mftiniTrya— i» 

[07] iiijKfgte0iJI::fcit5*Tv:/2<oS#<&fiS(D3 

[0 8] mmm^Mzm-t^^aimm^m-riE^m 

[0 9] Bfl?fiS ; eT;U=*>tvTS4SIBS»flLfca.^.y 
h$*^-iE®0-l?3!»-5. 

[0i o] Sffi^^e^Hcfiitrfcl^^ritaottHS 
[011] tf7;f-n*«fflii*:«k?*a>IM • £135*1* 
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